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ABSTRACT
Management in agricultural supply chains, the price factor is an important consideration since
it influences the control of production costs. Being able to accurately predict the price in
advance will result in more effective planning. The monthly forecasts of three types of
horticultural crops, rubber, oil palm, and large dried coconut, were studied using an individual
forecast and top-down hierarchical forecasting, and the forecasts were compared using the
mean absolute error percentage and tracking signal. By dividing the data into 2 sets that are
the training dataset which is monthly price data from 1999 to 2020 and the testing dataset,
which is monthly price data in 2021, compared to actual price. The results showed that the
rubber price was forecasted using a Damped Trend Non-Seasonal, oil palm, and large copra
prices were based on top-down hierarchical forecasting based on the proper weighting. The
mean absolute percentage error of the training data ranged from 6.25% to 7.03%. The
comparison of the forecasted price and the real price in 2021, the mean absolute percentage
error ranged from 8.91% to 9.55%. After analyzing the tracking signal values, the monthly
prices were within the defined range [-6, +6]. Forecast Forecasted results are highly accurate
forecasts. This work could be used as a planning tool by farmers and industrial enterprises.

KEYWORDS: horticulture, individual forecast, Top-Down hierarchical forecast
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and Maldonado [12] U3zgndlEriunisneinsnilugaginnisunisvaanoivesylsy
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Deepradit et al [13] lewsnsaisnatvzniiiiivenlasdsniswonnssinuuianis
Usznaudiniiand-auiud Iusnaidlsznanayniuian uazITwnenIalLuULRaIEN
WisuifisuitnInennsalenyg MAPE §msUnIudanad1nnulanana MAPE nnauiae
289 Montafio et al [14] 0161 MAPE %aanin 10% Ll,amdm,ﬂumiwmmrﬁﬁmmuajuﬂﬁgd
(High Accurate Forecasting) §1 MAPE at/lug13 10% — 20% ugadindunin g NI oiTa
(Good Forecasting) 11 MAPE ag’lum’ao 21% - 50% W&AIIUTWNITN mmfﬁﬁ'aum@;auwa
(Reasonable Forecasting) Wasf181NN31 50% WRAI3I1LTUNITN 5 N3N Lol waingn
(Inaccurate Forecasting)

wdspillanennsalnaeidonsesiinain 3 7iia Uszneuds semn thausinai
wazuewuInalng laslfinafiansnsnsoluuuiawiz wWisufsununiswensol
fausuuuuunasaslasldanariumnenedanmnensailassinsod (Aggregate
Forecast) UWazMIWENNTAIAN AT WLLLA99 MU (Bottom-Up Forecast) lasna/Sauiieuny
wonsokaan MAPE lenlaiifin 10% wazdrdyyrmdaain (Tracking Signal: TS) atj

Tug9fiimue da [-6, +6] [15]

a 6 - ~
2. MPLATIZTHRINATINYLADWNTEIN
NWIBRANHINTFTIN $197% 3 Tha Usznauais 819w U1auiinth Lazuzws?
wisnalng laglidayanoifennndsinnweaisgianaineas lasfiutayanoidansed
Wrmnudazsia Aaudl w.a.2542 09 W.A.2564 uazuustayssaniiu 2 7a Aa Taya
fNIVIIULLLI1884 (Training Dataset) La lflunInaasiairsuuuitaadlaslsizns
& A AddA A A o P AL 9 oo A & |
WenIokeng 9 uaziianiindidnanuiianaia (MAPE) ikasfge Salddayamuiion aud
1 w.@.2542 D9 W.¢1.2563 $1u2% 264 Toya dmiudeyazen 2 1ludeyadwiunasay
o ¥ v A o v ad & A
wwudiaes Iddeayanoiden I w.a.2564 $1uau 12 Taya lunisnasauIFniswensald
v = = o a =
lalSoufsununaasineidan
Q’?'«J”ﬂ"[@i”wé:a@ﬂ‘ﬁw%ﬂwnawaoﬁmswmﬁau Lﬁa?mﬁ:ﬁgﬂLLuwaoLLmIfﬁmm:
A , P o A ! a ' A A A \ o
ngmazasdTudazsia 633U 1 - 3 wudhmadsauudszriiadzdununuandriny las
a { a v . A
a3Ua3a13199 1 Tianzilasle Predictor 283113un3y Oracle Crystal Ball Tan3asiasay
Payninnmgaifismdiznavrasumwilinuaznggmaniall lasneseusuudziwitoynsy
' A A a A e A oA A Y aa o o
naluudazdinsuanuasdsnduasiianuudsdsiwrinnundalal iNafenltaiifdmsunms
' A ' a A ¢ 2 A a & A
nagautadsrasaunIunaINduuuudinindines $3Aan133LAT1z ANOVA %38
a A ed & a & a o o A
aunsuauuuhidiwinimeissde nstienzdanuudsdnunadsilasdraun

YDIAIHADR-IORNE (Kruskal-Wallis’s One-Way Analysis of Variance by Rank) [16]
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P> a ¢ t% - ' a
M1379N 1 NIIILAIEN LL%')T%N u,azz]@lm AVDIINMATNDTAIVLLA]STUA

a1aun ZHAVDINTEIN suluuy
v
una it qan1a
1 PN v
2 RS v
3 NEWITIUAINA LY v v

3. MISNEINTALUULANAE (Individual Method)
Aswennsainian lrlunsananuuaasieninmMInensailadianutanaia
MAPE #aefiga lasnswenisinldfaniswenssiuuuiane laslddayanoidian audd
° @ A a a ad
W.7.2542 19 W.7.2563 §117% 264 Toya TadToufsuiTnislunsnnisiuuuianiz
NIRNA 12 3% Nleannsduiaeee Oracle Crystal Ball laglad Predictor lawr 1) 330aned-
LAWAEF (Box-Jenkins) 2) A3A15UTULTHUAILLFU LAV TARIN b T Lk uuUUud uW
(Damped Trend Non-Seasonal) 3) 35n15USULIS UM BLFUlAIL AT ANRINT U ITUKNALIN
WUUWANN (Damped Trend Seasonal Additive) 4) 33n15U5uS U8 U lAILa2 8RR INT
LLmIﬁwanLLumLﬁuﬁ (Damped Trend Seasonal Multiplicative) 5) 33UsULI8UA811T
nalafgLnfaniat19d18 (Simple Moving Average) 6) 13U3UI38UA8N1TOLARYLARAUN
§89A39 (Double Moving Average) 7) 35U5uiSauamiaidulasiaudiiasniadeon (Single
Exponential Smoothing) 8) AUTuSsumudulasaasifIaadnTs (Double Exponential
Smoothing) 9) ‘Eﬁqgmauuuwamﬂ (Seasonal Additive) 10) ‘Eﬁqgmmmuwaqm (Seasonal
Multiplicative) 11) 35UsuiSsudaigulaaasdriasvaslaadininesiuuuin (Holt-Winters’
Additive) 12) 35UsuTsudriduldaandindsvaslaadiuinasiung o (Holt-Winters
. . . va @ vAa A ad a 6 & aa
Multiplicative) las#3dn ldRarranidanitnisneinsallasliaszdainnisweinyalid
o 9 &aa @ a . a A &aa
wwilduuazngnianuniswensaiffuwi liuNesadrader uazifannsnoinsalnd
' A o A v o ad {d' o va a
fin MAPE fitasfiga wan1saisuuuiiaedlasaditnianenininvhlifidranufionaia

MAPE ﬁaﬂﬁqﬂ a‘gﬂ@ﬁmiwﬁ 2 LAZLRAINIINANTLYS UL B UTE®IN9AIN bea1nAT

1 1
AaAaA Qs

WUﬂﬂilﬁﬂw’lU%%ﬂ'ﬁLL‘]J‘]JL%W’]Zﬂ(ﬂ‘ﬂiﬂ(ﬂﬂﬂi’]ﬂﬁfﬂ%\ﬂladﬁ“ﬁﬁ')uLL@ia:“ﬁﬁ(ﬂ Ltﬁﬂdﬂy\ﬁgﬂﬁ 4-6
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M157191N 2 a*gﬂdﬁ MAPE maawmnmﬁmnmmzﬁﬁﬁqammﬁﬁmu

ARAVDINTHAIN NABANIININTDE MAPE (%)
NE319 MINAsEaY
ULULINA DY ULULINA DY
SN Damped Trend Non-Seasonal 7.03 8.91
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ABmIwennant Box-Jenkins wuufiumwaliuuazngnia da SARIMA(1,1,1)(1,0,1) 3nRuiN
1 = Qs a Qs dl A 1
#1671 MAPE lagfigunusnanasd LaaIaIansnan 2 SInuImIngnIoilu UL anNIsyaInIg
3 o 6 qo' v [ v oA
FIILLUIINDY I101819WI37 I1aUaudIus Lm:s'lmmmnumwa’l,my 461 MAPE
WAL 8.91% 10.72% WAZ 5.88% eNUE1AL F1WITUMINaFaULLLUsIaadlaulSounsuny
a 1 6 :/ e U v ] a
311939 WUHT 31018190131 Teauah uazTeusnIuAINalng J61 MAPE
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Tracking Signal Y84 Testing Dataset
(Individual) U w.p.2564

15.0

10.0

-

ﬂ

E 50

= ——- 5199

[ v o

g —— 1hauiniiu
& 0.0

e —@—ugnsm

> —

3 Lower Bound

M@ 5.0

- —s=— Upper Bound

-10.0

-15.0

& oo
AU

10 endamwAaaNigunUIIA1939IBMINeInIatnuLaNe T .6, 2564

=D.

su

u

4. MINZINITHIIANALIFANIAUTWUUVUWAIAY (Top-Down Hierarchical Method)
AT RNAUTULUUUBRIA IS LT N W Tabla S U A D UNWIZR 9T beanm s L

@ a A 1 ad & Aa
aaaiqﬂ']"ﬂi\?i’]ﬁ”,@auiqul.ﬂ%iqﬂﬂ (Aggregate Forecast) LLRZITNITWUINTTULULLANIENG

= =

ﬂqwﬁmwmmmﬂﬁauﬁasﬁq@L?Tﬁ@i”aUﬁu Ao MINEINTOILULANT WU (Bottom-Up
Forecast) lagnasau28431a13181d awanniswensoiniinnls sienenawis 435ns
WeNnTol Damped Trend Non-Seasonal 31a11N &1 SunsnTaiene3s Box-Jenkins L
ARIMA(1,1,2) #1%TUT10 0N uRInalnald35n19waansol Box-Jenkins wuy
SARIMA(1,1,1)(1,0,1) Tag3Fidassuamainmin (Weight) maoﬁaga‘ﬁ'ﬁaamiwmmtﬁ
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aa & Aad Aa A @ P R o oA &
'Jﬁﬂ']iWU']ﬂifurLLUULﬂquﬂﬂﬂq@ﬂuﬂﬁquﬂﬂqﬂLﬂﬂauuﬂﬂ‘ﬂﬁg@lfﬂq@')ﬂﬂu 8 NIINWEINITH

1 t&’ U Qs {
LUURNVBU Y LLROIAT MAPE TadﬂﬁiWﬂWﬂifﬁ:LLUU Top-Down AIANTN 3

M1371971 3 A1 MAPE 229n15W8IN30tuy Top-Down

BRAVDINTAIN MAPE (%)
Aggregate Forecast Bottom-Up Forecast
NREGERY nMsNAFaY 158319 nsnaday
HUUIIRDY HUUIIRDY UWUUIIADY UWUUIIADY
89NN 10.92 88.84 10.79 89.59
Ui 16.45 11.20 6.25 8.95
NEWFIUAINA LAY 16.13 10.09 7.02 9.55

mMsngnsaisan eI lEmMIwennIoiuuy Damped Trend Non-Seasonal tiasannd
1 MAPE %8un91358% 9 @1 MAPE 1L 8.91% fnsumanginsalsnantisuingu
WUINNINENIBILUL Top-Down WaRa1I NI NMINasaULLUSIaed Wi tienld
NNIWEANTOILLY Top-Down lagaiwensoisansnedainis Bottom-Up delien MAPE
YN 8.95% WazINANEWIIIWAIHAl LRanldn1Iwe nsoiuuy Top-Down lasn
WonIoi3I19318831n3T Bottom-Up A1 MAPE tviniu 9.55% uaasnaaiUnisifanld
INARANINNTBILeZAN MAPE G90131971 4

@1519N 4 @1 MAPE maam‘swmnmiﬁﬁﬁqﬂ

ZHAVDINTHIN 35mswennIak MAPE (%)
NREGEAT MINAsaL
ULULINA DY HLULINA DY
SN Damped Trend Non-Seasonal 7.03 8.91
Uhdurinain Top-Down 6.25 8.95
VzWIuWINalrg | Top-Down 7.02 9.55
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ABSTRACT

This study is aimed to designing a backstepping-like controller for Transmission Control
Protocol (TCP) network to deal with the Active Queue Management (AQM) problem. Based
on this strategy, the design control law can be used to cope with the congestion tracking
problem for a TCP/AQM nonlinear model. Furthermore, with the help of backstepping-like
strategy, a nonlinear stabilizing feedback congestion controller is proposed to ensure that
the queue length can track the desired queue length and that the window size is stable. The
developed control design is validated in the MATLAB environment. The effectiveness of the
proposed control is verified through simulation and compared with an integral sliding mode
controller and a conventional sliding mode controller. The simulation results indicate that the
presented strategy is able to not only solve the desired congestion tracking control problem,
but also provide improved transient performances.

KEYWORDS: Nonlinear congestion control, backstepping-like control, TCP/AQM network.
1. Introduction
The Internet is now undergoing tremendous expansion, resulting in an inescapable

network congestion management challenge in network traffic. Furthermore, it may cause
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network collapse, lock-out behavior, and an increase in the likelihood of control-loop
synchronization. As a result, several attempts are being made to address this issue.
Recently, there has been a steady increase in interest in the topic of network congestion
control. Fortunately, a significant and promising technique exists, which is called Active
Queue Management (AQM) scheme. It has been suggested to reduce packet losses, ensure
best-effort service with low packet drop, and increase network usage. Afterward, there are
several AQM methods with different design ideas. The first AQM strategy proposed was
Random Early Detection (RED) [1]. The main advantage of this technique is that the average
queue length may be used to compute the chance of losing packets. Following that, a range
of approaches [2-11] based on an analytical fluid-flow model for TCP/AQM systems were
investigated to deal with network congestion problems. In [2], an LMI-based controller design
was proposed by using a combination of robust active queue management and ., control
to ensure the queue length stability and to deal with robustness against the external
disturbances and model perturbation. Mohammadi et al. [3] proposed a fuzzy-based PID
controller of AQM network for Internet routers to alleviate packet losses and to enhance
network utilization with input saturation. With the help of Lynpunov-Krasovskii functional, a
nonlinear model prediction congestion control approach [4] was developed for networks to
cope with the adverse effects of nonlinear disturbance uncertainties, time-varying delay and
input constraint. On basis of the minimax strategy, Li et al. [5] presented an adaptive
backstepping congestion controller for TCP network with user datagram protocol (UDP)
flows. Due to the unknown UDP flows regarded as the external disturbances, it is necessary
to compute the minimax UDP flow. Based on a combination of integral backstepping design
and minimax scheme, a nonlinear AQM controller [6] for TCP networks was reported to
address the undesired effects of the disturbances arising from UDP flows. A nonlinear
congestion tracking control strategy [7] for TCP/AQM network model was designed by using
a combination of integral backstepping and H, design. However, even if external
disturbances and modeling uncertainties were included in the network model, the
corresponding controller can guarantee satisfactory tracking performances of the queue, and
all signals of the closed-loop system are asymptotically stable. To guarantee the desired
transient and steady state performances, Wang et al. [8] presented an adaptive fuzzy funnel
congestion control technique for TCP/AQM network to decrease the congestion tracking

errors. Based on the minimax in game theory [9], a backstepping sliding mode design was
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synthesized for nonlinear TCP network congestion systems including unknown parameter
and external disturbances. With the aid of a coordination of practically finite-time theory and
a prescribed performance control, an adaptive neural congestion control [10] for TCP/AQM
networks was developed to ensure that the queue length track the reference queue length
in finite-time. To cope with the noise and variance of the parameters, a sliding mode
controller design [11] was designed for TCP/AQM network.

From the above-mentioned researches, it is observed that all nonlinear controller design
techniques are rather difficult and complicated. Therefore, this paper continues this line of
investigation but proposes an advanced nonlinear design to solve the congestion tracking
control problem for the TCP/AQM network model. The developed controller in this paper is
based on a backstepping-like strategy. The control objective of the backstepping-like method
is to find a stabilizing feedback, which is similar to the backstepping approach [12]. This
backstepping-like method relies on adding and subtracting some terms in each design step,
which is rather simpler than other nonlinear control methods mentioned previously.
Additionally, it can be applied to many practical control systems such as chaotic systems
[13] and power systems [14-15].

As the above discussions, the followings are the main contributions of this work:

® Using a nonlinear TCP/AQM dynamic model, a backstepping-like control technique
is proposed to solve the congestion tracking control problem for TCP/AQM network, which

has not yet been investigated before,

® \With the help of Lyapunov theory, the overall closed-loop system with the

developed control law is asymptotically stable at a desired equilibrium point.

® |n comparison with both integral sliding mode and conventional sliding mode
controllers, the developed design procedure is not complicated, but effective. Also, the
proposed controller indicates improved dynamic performances such as smaller overshoot
and faster reduction of oscillation.

The rest of this paper is organized as follows. Section 2 is a brief presentation of
dynamic model of the TCP/AQM network system and the problem statement. Nonlinear
backstepping-like control design is provided in Section 3. In Section 4, the simulation results

are given to show the effectiveness of the developed design. Finally, the paper is concluded

in Section 5.
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2. System Model for TCP/AQM networks
A dynamic model used in this paper depends on the fluid model of TCP congestion-
avoidance method reported in [16]-[17]. In accordance with the result reported in [16,17], a

nonlinear TCP/AQM model can be expressed as

R ~W(t) W(t)

W(t)—R(t) @-p() > —R(t) p(t),

o NW()

a) = R() C(t).q>0 (1)

_1 .90
R(t) =T, + c

where W (t) €[W;p, W] denotes the TCP window size, R(t) represents the round-trip
delay, N is the number of TCP connections, p(t) denotes the ratio of packets marked as
dropping in the queue that satisfies 0< p(t) <1, q(t) €[qyin.Umax] denotes the queue length,
C(t) represents the link capacity, T, denotes the propagation delay. For this work, C(t) is
assumed constant, denoted by C.

In order to simplify the state-space equation of the system (1), let us define the following

state variables:

W
X1=Q—qr,xz=—C+NE (2)

Additionally, to guarantee that the queue length g can track the desired queue length q,,

let us define another state variable to guarantee the zero error between the queue length
t

and the desired queue length as x, :I (a(z)—0q,)dz where q, is constant. Therefore, the
0

vector of the state variables used in this design procedure is defined as follows.

[NCGRLAOLE

Xo
X=| X% |= q-a,
X5 CNW

———-C
(q+CT)p)
By differentiating the state variables above, the dynamic model of the nonlinear TCP/AQM

model can be expressed as an affine nonlinear system as follows.
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Xo =X
¥ = f104) + 61 (%)%, (3)

X = (%, %) + 92 (%, XU,
Where

f0¢)=0,9:(x) =1,
NC*  (%+C)X%
(% +T,C)° RC

%,U = p(t)v (4)

fo (X, %) = 10, (%, %) =—

Define the region of operaton as the set D={XeRxR"'xR"}.
Xe :[xle,XZE,x3e]T :[O,O,O]T represents the open loop operating equilibrium point.

Remark 1: Throughout this work, we assume that all parameters of the nonlinear
TCP/AQM are constant and known. For the future work, the authors will extend this approach
to a nonlinear TCP/AQM networks model including unknown parameters.

Problem statement: The objective of this work is to find out a nonlinear stabilizing
feedback control law u(x) with the help of a backstepping-like methodology such that the
resulting closed-loop dynamics are asymptotically stable at the desired equilibrium point x,
and x — X, as t — oo . Additionally, the developed controller needs to satisfy (i) the zero
error between the queue length and the reference queue one (ii) the window size is stable,

and (iii) the control input is small or lies within the interval [0,1].

3. Controller Design

For the purpose of designing a nonlinear stabilizing feedback u such that

lim xy = lim x = lim x, =0. With the help of the backstepping-like scheme, the control
t—+0 t—+0 t—+0

law is developed step by step below.

Step 1: let us take the following Lyapunov candidate as follows:
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By taking the derivative of (5) and then adding and subtracting the term c;X, to x,, we have

Vi = X% = % (% —CoXo +Co¥o) = —CoXs + %P, (6)

where ¢, >0and P =cyx,+X. From (6), it is simple to see that the term x,P is not always
negative; thus, this term should be eliminated from the aforementioned equation.

Step 2: In order to do this, the Lyapunov function candidate is defined as:

1, 1,
V, == +=P 7
! ZXO 2 )

After taking the derivative of (7), one obtains

—c0x§+P(XO+P)=—cox§+P(xo +Co¥ + % — P +¢,P)

—CoX§ —C,P? + P (Xg +CoXy +C P + (%) + Gy (X)X, )

=—coxd —¢,P? + PQ

where ¢, >0and P =cyX +%,Q = X +Co¥ +C P+ f, (%) + gy (X)X,
Step 3: Similarly, it can be seen that the last term of (8) is not always negative; thus, it

should be cancelled. To this end, we introduce the following term into Vv, and then obtain

szl 2+1
2 2

P2+ 2Q? (©)
2
By computing the derivative of (9) along the system trajectory, one obtains
V, = —CoxZ —¢,P? + PQ+QQ
= —coxg ~¢P* +Q(P+Q) (10)

=—CoXj — P "'Q(P"' %o +Co¥y + 1P+ fy () + Gy (x)%, + 91(X1)X2)
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After pluggin x,back into (10), we have

V,=—cox¢ —c,P?

. (11)
+Q(P+Xo +Co¥y +C P+ Ty () + 81 (x)%p + 91 0x) ( F2 00, %) + gz(xlyxz)u))
Therefore, if we choose
- c P+ Xo +Co¥q +C P+ f; (% )+ 87 (X)X
U= 1 2Q+ +Xg +CoX +GF + 1( l)+gl( 1) 2+f2(X1,X2) (12)
92 (%, %) 9: (%)
where P =cyX + fy (%) + 0, 04)%,,
Then, under the feedback control law (12), the equation (11) turns into
V, = —cox2 —¢,P? —¢,Q? <0, (13)
<—cV,.
where ¢=min{cy,C;,C,}
With the help of Lyapunov stability theory [18], it is obvious that
tIim Xg =0,
Jim P = lim (c;% +x,) =0, (14)
Jim Q = lim [ X0 +CoX +C P+ (%) +9; (%)X, |=0,

These also imply that lim x; = lim x = lim x, =0. According to the above-mentioned
t—+0 t—+0 t—+0

results, the following theorem obvious holds.

Theorem 1: Consider the nonlinear TQM/AQM network model in (3)-(4). If the nonlinear
controller is designed by (12), then the equilibrium point x, of the system (3)-(4) is
asymptotically stable. This implies that lim x, =0,(i=12,3).

t—+0
Proof: The proof of Theorem 1 is based on the argument given above.

Figure 1 shows its structure involved in its implementation of the proposed control.
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=] =1 <2
| || "
» Backstepping-like u=p TCP/AQM >
> Controller system > q
Gr R
Xo
1/s
X1 +
Xz <
Eq.(2)
R C

Figure 1 Block diagram of the proposed backstepping strategy for the TCP/AQM

system.

4. Simulation Results

The presented design strategy is applied for nonlinear TCP/AQM network system. The
desirable transient performances of the control system are illustrated to achieve the dynamic
performance improvement and tracking congestion control. The MATLAB environment is
used for the time-domain simulation of the controlled system. The parameters of the networks
utilized in this paper are as follows.

C =1750 parameter/s, T, =0.1s, N =60, W =4.58 packets.

The initial state variables are set as [xo X XZJT :[0 95 5]T and the desired queue
length is given as g, =100 packets. The tuning parameters of the designed controller are
Cy=C =¢, =05.

The simulation results are used to exhibit the effectiveness and superiority of the
developed scheme by using the following issues: (i) the zero error between the queue length
and the reference queue one (ii) the window size is stable, and (iii) the control input is
bounded within the interval [0,1]. Besides, the proposed control scheme (backstepping-like

control) is compared with the following two nonlinear controllers:
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® |ntegral sliding mode controller (ISDM)

e pe (Ksign(S) + ¢y ( f1(x) +91(x)X; )+ €, f5 (X, %2)) (15)

20, (X, %7)

where S(X)=c;X +C,%,. The control parameters of the integral sliding mode design are set
as: ¢ =0, =1.

® Sliding mode controller (SDM)

U=p=— (Ksign(S) +cz, + f10x) + G (X)X, + 61 (%) F2 (X1, X)) (16)

91 ()92 (%, %)

where S(X)=Cz+72,,2; =%,2, = (%) +0,()% and g;(%)9,(X,%)=0. The control
parameters of the integral sliding mode design are set as: c=1.

Remark 2: It is observed from both the ISDM and the SDM controllers that the sliding
surface may be not uniquely selected differently, leading to different dynamic performances.
However, it is obvious that the developed scheme is not only systematic, but also simple
and effective.

The simulation results are discussed and given in Figures 2-4. To indicate the
effectiveness of the proposed controller through the simulations, time responses of the
integral of tracking error x,, the queue length ¢, the window size W , the state variable x,
and the packet loss ratio under the developed design are presented in Figures 1. Under the
ISDM and the SDM techniques, Figures 2-4 exhibits time responses of the integral of tracking
error X,, the queue length ¢, the window size W , the state variable x, and the packet loss
ratio.

It can be observed from Figures 2-4 that under the developed scheme, the time
response of the queue length g smoothly settles down to the desired queue length g, while
those of the other schemes cannot. From Figures 2-3, the integral of tracking error x, under
the proposed control converges to zero while that of the ISDM control still oscillates and
cannot settle down to zero. It is apparent from three controllers that the window size W are
all stable, the state variables x, converge to the equilibrium point, and the packet loss ratios

(the control input) are bounded with the interval [0,1], as desired. It can be seen that the
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presented control law enables us to improve dynamic performances more than the other two
approaches. In particular, it is seen that with based on the proposed design, the tracking
error can rapidly converge to zero. This means that the queue length q smoothly tracks the
desired queue length g, . Also, dynamic (transient) performances, such as the reduction of

oscillatory overshoot, smaller rising time, and shorter settling time, are clearly enhanced.

Backstepping-like control

=

4.6
4A_FV I I I I I I I I I

0 1 2 3 4 5 6 7 8 9 10
2000 T T T T T T T T

1900 |- i
[\

1800 | B

1700 I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10

0.09 T T T T T T T T

<y
[l 0.085
3

008 | 1 1 | | 1 | | 1
0 1 2 3 4 5 6 7 8 9 10
Time (s)
Figure 2 Time responses of the integral term x,, the queue length ¢, the window size
W , the state variable x,, and the ratio of packets marked as dropping in the

queue (control input) u=p
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Figure 3 Time responses of the integral term x,, the queue length ¢, the window size

W , the state variable x,, and the ratio of packets marked as dropping in the

queue (control input) u=p
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Figure 4 Time responses of the integral term X,, the queue length g, the window size
W , the state variable x,, and the ratio of packets marked as dropping in the

queue (control input) u=p
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1 I | 1 |
s Proposed control

= = =Sliding mode control

weme= Integral sliding mode control
1 1 | 1
12 14 16 18 20

Time(s)

Figure 5 Time responses of the queue length g, the window size W , the state variable
X,, and the ratio of packets marked as dropping in the queue (control input)
u= p (Solid: the proposed backstepping-like control, Dotted: Sliding mode

control, Dashdotted: Integral sliding mode control)

Note that although the other controllers can accomplish the desired requirements
mentioned in the objective of this paper, they provide rather poor transient performances as
compared with the developed controller. It is seen from Figures 3-4 that the tracking error
between the queue length and the desired queue length does not converge to zero due to
the chattering effects. Apart from that, the sliding surfaces S(X) of both the ISDM and the
SDM techniques do not settle down to zero. However, both still have unavoidable chattering
effects. Figure 5 shows time responses of the queue length g , the window size W , the state
variable X, , and the ratio of packets marked as dropping in the queue (control input) under
the proposed control, the SDM, and the ISDM control methods. It is worth noting that the
queue length of the developed control converges to the desired queue while the SDM method
does not approach the desired queue and the ISDM control method oscillates around the

desired queue instead. Furthermore, time responses of the SDM and ISDM techniques
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exhibit the undesirable chattering behavior as a result of the sign function used in equations
(15)-(16), whereas the designed method does not.

From these figure 2-5, it is evident that the developed control offers significantly fast
suppression of oscillation, shorter settling time, and smaller rise time as compared with both
the SDM and the ISDM. Therefore, it can enhance transient performances. Further, it is
straightforward to conclude that the performance of the presented backstepping-like control

is superior to that the SDM and the ISDM control methods.

5. Conclusions

A nonlinear stabilizing feedback control law has been proposed via a backstepping-like
strategy. The design procedure is simple but effective. Improved dynamic performances such
as smaller overshoot, smaller rise time, and shorter settling time have been achieved with
the help of the developed control method. The controller design procedure has shown that
the proposed scheme is rather easier compared with both the ISDM control and the SDM
one because it is not necessary to select the sliding surfaces. The presented control law
also offers satisfactory transient performances and outperforms the rest of controllers.
Moreover, the simulations exhibit the effectiveness and superiority of the developed controller
over both the ISDM control and the SDM one in terms of dynamic (transient) performances.
In the future study, this approach can be extended to the TCP/AQM network model including

unknown parameters.
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UNAALa
a v d‘ydﬂd

mmﬁ]fJummqﬂsma&ﬁaﬁnmiﬁﬂmfm}mmenﬁ'ua”umw (Guardrail) 9INWANEEN
Flmda Taesuanldlusunsunauiaiaas Robot Structural Analysis UULFI843191H%
SuaTuduan Usznavudrgwaradnaiacng g 3% 1) High Density Polyethylene (HDPE)
2) Low density polyethylene (LDPE) 3) Polypropylene (PP) 4) Polystyrene (PS) 5) Acrylonitrile
Butadiene Styrene (ABS) 1a3taT1eHUszANnTnInInnsuaIY A1UN1AI31% NCHRP
350 (TL-3) INNNAN1IILATITAINNLUTUATN WU wanadinuila ABS uazsiia PS Hd1
Deformation fikaaninwanganafindug ﬁaﬁ,’]wmaaﬂﬁagﬂﬂw”@umﬁugﬂLfluﬁ'aﬁué”mmﬂ
WANEANAIRILUY a8La389 Single Screw Extruder 1ﬁLﬂugﬂﬂia§Lﬂ§ﬂuﬁuﬁwmu1@ 1.0 m
X03mX0.01m ﬁﬂuﬁu?ﬁ%uﬂ 40 %u ﬁﬁ“i?umuvlﬂﬂ@aaumm”ﬂ (Flexural Strength Test)

WU I1NHaUAN8THA ABS laradaaiadayinny 1.099 kN/mm uaztia PS lannaiae
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LAULNTTD 0.672 kKN/mm wazafia ABS + PS leinasaatadairiniy 1.496 kN/mm 9701
i ldneasaumeitnsrwnse lulunay (Momentum Test) @ngﬂﬁuﬁﬁmamm@ 101 kg
AN lunmInasey 20 km/h NuINTha ABS Hvzuz Deflection Laﬁ'ﬂag‘ﬁ' 86.99 mm Tia
PS §ivze2 Deflection Laﬁ'ﬂagj‘ﬁ' 57.08 mm uazwfia ABS + PS a3z Deflection taagiyinriy
101.31 mm wazaanndszaasgndulinaugduniadnlandanninmmasevlaslineg
NIBININWABABATIE

o o a v o

A1d1A: NINBawAIY, NCHRP 350, ﬂ’]iﬂ@]ﬁﬂﬂi&lL&l%@T&l

ABSTRACT

The objective of this research is to study the replacement of Guardrail from recycled plastic.
It started by using a computer program Robot Structural Analysis to make a model of the
guardrail. It consists of various types of plastics as follows: 1) High Density Polyethylene
(HDPE) 2) Low density polyethylene (LDPE) 3) Polypropylene (PP) 4) Polystyrene (PS) 5)
Acrylonitrile Butadiene Styrene (ABS) to analyze the guardrail performance. according to
NCHRP 350 (TL-3) standard, the results of the program analysis showed that ABS and PS
plastics had lower deformation values than other plastics. Therefore, both pairs of plastic
were used to develop plastic forming with a Single Screw Extruder into a rectangular shape
with dimensions of 1.0 m X 0.3 m X 0.01 m Total amount of 40 pieces were taken to test
the Flexural Strength Test, found that The ABS type has an average Flexural Strength of
1.099 kN/mm, and the PS type has an average Flexural Strength of 0.672 kN/mm and the
ABS + PS type has an average Flexural strength of 1.496 kN/mm The momentum test was
performed with a pendulum with a mass of 101 kg The test speed was 20 km/h It was found
that the ABS type had an average deflection distance of 86.99 mm The PS type had an
average deflection distance of 57.08 mm and the ABS + PS type has an average deflection
distance of 101.31 mm and able to redirect the pendulum to its original position after testing
without breaking through the guardrail

KEYWORDS: Guardrail, NCHRP 350, Momentum Test
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linnniadauniuuanilunisdesiunazdanisnudywigi@ingnisnunadned
UseAnsaw iwsglull w.a.2563 ﬂi:mﬂvl“nﬂgﬂ?ﬁ'@]é’u@?’ulﬁlﬂuﬂi:mﬂﬁﬁé'mwmil,ﬁﬂ%‘im
guﬂué’u@?’uﬁaawaﬂaﬂ I@Uﬁé’@lﬁmﬂﬁﬂ%%agﬁ 32.7 daUszTnINiauanan [2]
winduunaanaiagtfmeg lasdszifinainnissuunanuioniozeimingau vas
nIun1Inasluln.a.2563 3] wudn fuizauinadszinnngaeandranisazldrunaiu
SHATIY 325N Rannwlaa LLazqﬂﬂitﬁﬁumu Lﬁ@aqu”am@p’mﬁ'uﬁd 2,274 ass Fauilu
ﬁﬁ]ﬁﬂuﬂ']m’i’wmw;ml,sa swh ldgnaFediais 81 1o aaugasluanref 1

A151971 1 QUARALBNIINA TIMBNANANNTLRIBNINT T VOINTANIAA

1wl 2563 [3]

atiPMannSNERwIRaNY
Uszianningdan — —
21ALHe (AFI) NANTIANY (318))

g3 3/TN8N19%a9 2,564 110
s wATITIMImannwley 2,274 81
aunsalniuou
aunsnblWiuas Indhusaadng 3,858 148
aunnidy Az Fy NIl 668 25
H293133/AWNNY 140 8
HEWIW 104 8
WAN NU/ARNLDANI 511 29
LMNZAANWNANIO T 509 19
G lal 293 11
AN 103 4
g 60 5
TINTIUNITNIN ﬁﬁuﬁ'gﬂ"nu 11,084 448

Tagiuduwianisuaaanuuusinngdamngdnims lasldiagwanadninandsznay
Wusnnusuananldnuadelaludisssinalaun 1) amsmsgliemouin 2) s1513m433

v Qs U Qs 1 g { té v a {
\mwd 3) dszinaldniu [4-6] landdadasdalud dszmannils dunulumndadnenagn
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NINTINRAUATIBNYINNMAEN UsenTNaad ﬁ’ﬂwmzmamﬂmwﬁmwﬁwq’uﬂiﬁmﬁﬂ
@”aﬁfuﬁagwﬁ'umeumnmnmwumaamuwmuzﬁﬂm”’l&il,ﬁ@mwmﬁﬂmﬂamamn
U32MININ NUMBABNITURLUBURITEIRNINAINA WENINNHIINTDAVAINAFAN LT
o o = a o ' a da & o
suInnauus IAa le wastioaaturvazanwaadniiedululszina dsznauny
a - | &
Tymassludznalnaddinavszgidudaiiiasiunnd
A @ £ = a > %] % a a a =1 dl
ppﬁ]mlcmLLmﬂ@ﬂmamiwwmsnﬂuaumnﬂaﬁﬂwaﬁamﬂi"l,snLﬂaI@ﬂu RISV RHIE)
a%"wu'a”ﬂﬂﬁuﬁa@msumﬁuLLa:Lﬁﬂ%‘?mmqﬁamqmmuu uarTINaaTYRIBEZIIN
wargdnlasnisinsunwawudundadmwaifaigua ludriagrasuaztioguruld
Qs tal J o Qs v Qs Qs s v { o s a
UaoanuuInNdsdn 1agasinnIsna i I nIIn o was1uAIGWLLY NANNZEIRTUUSII Db
auunrwaguos uazldinlunsdyasdisanuidlasinanluninasauni ouzas
qﬂnizﬁmnmimaaumﬂmsﬁiwaaaﬁaﬂIﬁJiLmsuLLa:ﬁnvhJ;jmimaam%ﬂumﬂamw
N1INARAUNIITH (Crash Test) Lunszuruwnisdrayiiatszildnislszdniniw
v & < & o & o A ° @
Anudaaanuued gUnIsinwuazgUnIniannu L Tagsuiwazdasinisiinuailage
% ] d. YV & =1 Qs dl v =1
wazaaulsdng g Alrlunmasavliiduinasgiuaeinu ivaldnanmmasauniszud
anuminzauuazlatunssensuanyndhe Nt luanizawimimualigdnininuazdas
HIUNIINARAUNIITUATINNINIZIU NCHRP 350 IummzﬁmquisﬂLﬁaﬂsl“ﬁmmgm
EN 1317 lummageunu faduiidudraivquluniimasay (Testing Conditions) leiur
U2 NNULAZHNRINVBITONAFEL AN YUT (ﬁ’]Lmﬂdﬁﬂzﬂz"nadqﬂﬂifﬁ Wia9annmIin
snansunugdnisiinuduaneadiluawudunisfuidfasalFinongs negideds
Wwanldn1ssnaesaralusunsn Robot Structural Analysis LN atTun133tas12% N9
NRFIRATLNY 1a8riNN1TuladsinEnTn AwLse LASHUNTTH laaldnguineRFndun
HMIANBINETAIAINITIAIG2U8931I AR UATIBAN LU TUN T mnﬁfu%dﬁiﬂﬂgmimaau

Tusuudnays
¥ 3
2. JagiszavAzaslasinis
di =S a a A A a A a
2.1) WA ILUSHURE UFNUALTINaVaINANRANT LA

2.2) INaWAMWITIINUBUATIHINNNAFANS BLAR
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1) MTAATILHNNTBENULLININUEUATI8A2811TUNTY Robot Structural Analysis 2
matianzieanuunlas MagIdpiianldanasgin NCHRP 350 fiszau (TL-3) 1ia991n
{Ivptiannmsdnaaadusninuwonanszdar w wuutRndszansanlasldiauouson
(Modified W-Beam Weak Post Guardrail) 5131 usuamslsznniiduuuuifindssdnsnm
LLazLﬂuqﬂmnif%mmuﬁ@m;u LLazﬂ”@Lﬁaﬂ"ﬁﬁmadwmaan“ﬁﬁ@ﬁmmmuﬁq@ lawiingu
WaNEANA8819639% 1) High Density Polyethylene (HDPE) 2) Low density polyethylene
(LDPE) 3) Polypropylene (PP) 4) Polystyrene (PS) 5) Acrylonitrile Butadiene Styrene (ABS)
ATIATIEHRIAINTLAIAINIIAULTIVBITIINUBUATE @Tadm'm@iwaumuazguﬁ
nazfdauuITzkIUTRREuaT lasfiunasgiu NCHRP 350 iszauniaou TL3 'Ie
fmuadianasgiwlunisnasey Faazlstdntiminuesn &Ju‘ﬁ'm:ﬁwiaumxmmnﬁwm
uazanaiy azvuldilifdmasussliiniuainasgunamasey dniulunisiazniuen

P o ' o K o | v ¥ A o ::?
pasussnnIzidaTnuweuassdssuindasldnguijaci
TULUAN = 378 x ANLSL (1)

2) m:mumﬂfngﬂwma@mmu Extrusion i usninuduasie tduzdnss
FnasuAuiuwIa 1.0 m X 0.3 m X 0.01m

3) MINARDUMKIAUNIUUIING (Flexural Strength Test) Thawa1g@n 1) Acrylonitrile
Butadiene Styrene (ABS) 2) Polystyrene (PS) Liaz 3) Acrylonitrile Butadiene Styrene (ABS)
+ Polystyrene (PS) LARZTRAATIHIM 5 §9E19 TINAIDINININUA 15 Tos

4) MINARDUNITTH W38 LULNUAYN (Momentum test) TRANAIRAN 1) Acrylonitrile
Butadiene Styrene (ABS) 2) Polystyrene (PS) iLae 3) Acrylonitrile Butadiene Styrene (ABS)
+ Polystyrene (PS) UGazahad 1wt 5 61883 Jmatananae 15 Gu lasdinossiboa

YDILARLUUN D WA I

31 NMTIATIEENNTRBNMUUTIIN®OWAI18028TU51NTH Robot Structural Analysis
ATLUIRNITIATITHANTEONUUUTIINAUERATIY erinTAezieanuuulasles
115un38 Robot Structural Analysis [7, 8] Lﬁal"ftﬂuummamﬁmm:ﬁ“ﬁayadwwmaan
sRalamanzandansum s luwamidusnusuane laagramanzean Iﬂﬂﬁﬁ@hqmauﬁ'ﬁ
984 plastic property Vlﬂﬂauaﬂuiﬂmmﬂ@ﬂﬁ’lm‘m"@]Lﬁaﬂ"nﬁmwmaaﬂmﬂauﬁaga
anua 5 vialduinaradinaiia 1) High Density Polyethylene (HDPE) 2) Low density

polyethylene (LDPE) 3) Polypropylene (PP) 4) Polystyrene (PS) 5) Acrylonitrile Butadiene
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Styrene (ABS) K8z MAUALTINNTEANAEININUIUATILATNNIATIIU TL-3 VOINIATZN
a o @ a = o

NCHRP 350 [9] I@m:aum(ﬂmoﬂm:mmuamlugﬂﬂ 1 Famsrnauaasldsunsuaansa

utivaanidu 2 dulna 9 ldun 1) nﬁs:q@i’lwwsﬁﬁmafmaﬁa@lu,a:l,l,sans:‘ﬁw 2) NAN1TY

SATTANINA

Loads - Cases

Case Label Case name Nature
1 DL 1 SW (Self Weight) Dead
2 LL 1 389 kN (20 Degree) X/L=0.25 Live
3 LL 2 456 kN (20 Degree) X/L.=0.25 Live
4 LL 21 1112 kN (20 Degree) X/L=0.25 Live
5 LL 211 1112 kN (25 Degree) X/L=0.25 Live
6 LL 2111 389 kN (20 Degree) X/L=0.50 Live

sUN 1 2aulauIsinIzyinAaIINIRATE

Post

W-beam Guardrail Concrete minimum

strength 200 ksc

CC 50
PIPE_10cm.thk.0.40cm
W-B 310x82x32

7 kN
X t X Cases: 2 (389 kN (20Degree) X/L=0.25)

‘:I o Q Q = = s
JuUn 2 LUUTIABITIINBOWATILIINNANHANS LHLAR
NMTAATzRLLUIaasTnweuaelaslillsunsy Robot Structural Analysis 1114

r;ﬁa‘i’m"l@i’ﬁ'ﬂﬂéjm”aLLﬂiﬁé'wW”ufﬁmhiw: Deflection 1@t A2 1UBWIVES W-Beam Lh1id

aantdn 2 wuy lawa 0.32 cm waz 0.65 cm BATIAIUTETWINITLHLNTUADANNINILULFID
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JNNuewATY uudaanidu 2 anwme laun 0.25 uaz 0.5 mmfﬁameﬁm‘“ﬂmm:ﬁuﬁu
wiisaanidu 3 szau leuA 73.5 cm 80 cm WAz 86.5 cm PINALFUHNUAUENANIVBILTUARN
utisaanidu 3 aua e 10 cm. 12,5 cm waz 15 cm ussuazyunITRlasw ladanauns
7 (2) wideantdu 4 aure laud 1) 389 kN 2) 456 kN 3) 1,112 kN ‘ﬁlzglu 20 8961 WAZ
4) 1,112 kN ﬁlqu 25 93¢ LLa:@T'JasJ'Niﬂﬂu@‘ﬁﬁm’m@aawﬁLLa@ﬂugﬂﬁ' 3

mAv = FAt (2)
Touii

m = 478 (kg)

v = anuli (mis)

F = us(N)

t = 1281 (s)
:
8

400 m 400 m

=\ 7\
e
fe— —_— C_:‘ =T ] — l
| g g
I i s | i ﬁ :
= T
General Orwerlay 10 cm
Post 60 cm Post 50 cm

Figure 3-8 Vehicle %00 kg and 1.500 kg

3N 3 ADERULTIRDITIINWORAIIYLAZIDLWET 1 MENIINAFDLNIIU

Faculty of Engineering, Kasem Bundit University Research Article




JFAINSSUASINUBUUNUNQ Uﬁ 12 QGUﬁ 1 uNsSIAU-IVYIYU 2565 4]

3.2 ns:munﬁﬁugﬂwmaammu Extrusion

Lﬂum:mumﬁ{ugﬂﬁ%'m{umaﬂuwmaﬁﬂ I@mﬁ@wmaamm‘f'\g’im%{aoma Hopper
'«a'mﬁ?ngnmaawmﬂlum%iaoé‘ﬂ%'@ (extruder) lanaduninnuson usaLion uazanuen
wma@‘in‘maam:gﬂﬁuaamjuﬁﬁuﬁ (mold) Ausmdanoiia (Die) Lﬁiaifugﬂmuﬁaams
WargAnwaaNfioanaInwii Die 158017 extrudate luunanszuannisasinisldainufu
(cooling) BRIINNAIRANBANINNAK Die LLﬁaLﬁalﬁmgﬂmuﬁﬁaams ma;ﬁﬁ'ﬂ%ﬂﬁﬁﬁ
iawana@ni loida wfia Acrylonitrile butadiene styrene (ABS) Waz Polystyrene (PS) 11
wamhum%"aoé’m%'mLLuuaﬂgL(ﬂ"m (Single screw extruder) [10] lavldamwnndianiizuas
m'%iaaé’@l%‘@]uuuaﬂyﬁmﬁmmmmamﬁ@wmaﬁnlummﬁmvlﬁmi 7@ Acrylonitrile
butadiene styrene (ABS) Ifqmﬂgﬁlunﬁiwﬁmagﬁ 190°C - 290°C WA TAa Polystyrene
(PS) lﬁqmmgﬁlumswﬁmagﬁ 220°C - 270°C1ﬁl,ﬂw'§m'1u3ﬂmaﬁmﬁwﬁuﬁwmw 1.0m
x0.3mx0.01 m

U5 s1ARaRATIBIINNATEANS [BLAR BWA Polystyrene (PS)
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56 3719AwaWAIIINNAIEANS LLLAa ZRA Acrylonitrile butadiene styrene
(ABS)

3.3 NMINAFIUNAINTWNIWLIIAA (Flexural Strength Test)
;j"?ﬁ‘i‘ﬂslﬁﬂ%iaaﬁamaauaLuﬂﬂs:am’ (Universal Testing Machine) Hin1Inagauny
%ua'mﬁaazm Tagn9un Simple Support LLﬂ:I‘ﬁﬁﬁ%ﬁﬂﬂ‘ifxﬁ’lLLUU Center Point Loading
HazasdhasTumMBLIIaaazaglulraslugaauaniia (Modulus of Rupture) lasidue
WHIBUTIRIFIRA b ﬁyﬂLmm?nlu%mmﬁﬁﬂmw@aau miw@aammﬁmfmﬁﬁ'ﬂvlﬁ
LLﬂdnﬁjmﬁafJNLﬁaﬂ@aamﬂu 3 g Iefun siwsuaTTia ABS $1%3% 5 T 5191
SUATIHTRA PS $1U7% 5 B9 UAIINNUEHATIITAN ABS+PS $1u7% 5 1 anntiuin'ly

NAROURIATNAIAA [11]

N7 MINARDUMAIGIWNIHUIIAA (Flexural Strength Test)
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3.4 NIINAFDUNITTW W30 LaLNWAN (Momentum test)
Qﬁﬁ‘i’ﬂﬁﬂmiﬂ@aamﬂﬁuéﬂmﬂﬂI@ﬂﬂizqﬂﬁﬁ'ﬁ'Lﬁa%ﬂwﬁ'\m'}uﬁmns:ﬁﬂﬁsnﬂ”ﬂ
UBUANBLANTNLA83T simple pendulum [12] lasiFTnsnasauamisnsiiinuwauae
"l,ﬂamﬁiﬁqmguﬁnmd LLaﬂﬁ%umuﬁmu 20 8¢ NUULWIZNG mmfuﬁ’mﬁsmﬁmj”uﬁﬁ
Wi 101 kg yNaImlunIen 45 a9en laIzpzn19gy 2.631 m MNARGBLAzYIN sl
gﬂéﬁT&lLﬁialﬁ"lﬁmmﬁawhﬁ'u 20 kmv/h [13] TagldnsSiaseianasmsn (3) - (6) uazua
manasauiin 3 nau LU TS UAT I WA RANTTA ABS $1343% 5 T% T1IRUSHATY
550 PS $1%47% 5 5% Uazwila ABS+PS 1% 5 54 32utilu 15 Suanvinmsnesey uasld

v ey @ . A a &/
laiaédw (Staff) 1@3zizDeflection NiNAY

m gRgiunIin 101 kg
e

ar  ar
JNINHOHAIIEY

(1) MInasaululunaAN (NMNATW W)

6.25

an@NYiTn 101 kg

(@) NMInaaauluLNBAN (ATNATHD9)

58 mInadaunsEn Wio LKA (Momentum test)
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sl o imlasdianagaunisnadauniszn wis lalanaa (Momentum Test)

1
mgh = =mV
g 2

(9)(1-1cos) = %vz

m = 478 (kg)

g = menusaiiesanusaliudisaslan 9.81 mis?
| = AMULIUIUBBIZNGY (M)

h = @mugos:ﬂwnmmgn@jm”@mﬂﬁu (m)

v = A (mis)

TuLuuas (kg mis)

e
1
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v
(2 o o

(1) NMSAAAITINNHABAIILA ABS

B .-

v
Qs

(M) NMIAAAIININWORAINUTA ABS+PS

o

;31]17; 10 NITAAAITIINWAWAIIUTIA PS,ABS,ABS + PS

4. WanmINaday

4.1 HANTNAFBLNNMTIATIZAM8LUIUATN Robot structure analysis WUINTHAVDI
WAEANUAZAMUAWIVEY Guardrail Suadaszas Deformation laganunufitasnin Gen
Deformation ﬁmﬂﬂdﬂ@UiuLLuuLLsmnnwmaannnmﬁ@ﬁ'ﬁmm%m 0.32 cm H3z8
Deformation 8¢3£#314 10 — 569.4 mluvmefinuufisgasiinanunul 065 cm d3zps
Deformation mﬂ‘ﬁlqﬂ‘ﬁ' 279.6 m G‘fi\‘lﬁm Deformation #a8n3MULLINEDY 49% INNHANIT
mmam”amina;ﬂvl@ﬁﬁ ANURIANNTuTNadaT282 Deformation iaaad LazTRhaUes
WaIRAN ABS Waz PS ﬁmwmm:auﬁa:ﬁﬂﬂifugﬂLﬂmnﬁué"umw fasanfiszos
Deformation ﬁﬁaﬂn’jﬁwmaﬁnmﬁ@ﬁuq @Tauamlugﬂﬁ 13 uaz 14

Lﬁaﬁmimﬂ@ﬂmwnumn‘iaHa‘ﬁvl,éfmnme‘imaasnﬁ'ué’umwﬁﬁﬂmu 720
wuusaed munTnatunslasldnan Multiple Regression &39anuaNnusuasaLds lag

finuaalndsaufa @1 Deflection @auUsAulIenaudle A3NNBUI2ad Guardrail
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(Thickness) 32812 X/L AIUFIVDILEN (Height) Lﬁuﬁhuguﬁﬂmua’] (Diameter) LRZLIINTH

Guard Rail (Force) mamﬂﬂizmmzvl,ﬁ@”mumi 7)

Deformation = 96.58 - (12.81x Thickness) - (44.87 x x/L) +

(7)
(1.35 x Height) = (7.55 x Diameter) + (12.11x Force)

INFUMST (7) ANUFIRBETRIaILLTHInUe waaslWiAinin anunuwias W-Beam
u1n9 fn Deformation azitagad Iﬂﬂgaﬂﬂﬁwﬂsz§w§€-12.18 szoz }L Befidndnlng L e
Deformation 92808 Imgmnﬁuﬂs:ﬁw?-44.87 mmgwaummﬁﬂf@mns:ﬁuﬁuﬁaﬁ
A21N§ININ A Deformation azfenan ngmnﬁuﬂizﬁw%{ﬂ.% AHAILUTLFWHY
ABINAILATAURWIVBILEUNAAN z“iuﬁumuﬂuﬁﬂmwaummn #1 Deformation 289
VOHER I(ﬂﬂ@%ﬂﬂﬁ’uﬂizﬁ“n%(JﬁS wazdaulsgavine Aa Force Theauyssans +12.11

oA : . a & %
wiadn 89u39n1n @1 Deformation mmﬂmumﬂﬂmm

D

a

o a & o ' > A a4 o o . 9
LHANANTUIINNAIRNLUTERINTURD WU ﬂ’]awﬂizaﬂﬁﬁﬁwﬂﬂqlﬂﬂ’] Deformation #atl

=y

A |
nga A x/L , W-Beam Thickness L8z Diameter and Thickness of Steel Post @MU 1aL 3

L3 awmsmﬂumwnwaa@ﬁqﬂﬂirﬁﬁ’aﬁué’umﬂ P9 ANMURWIVDINITINNUOUAINUUNAGS

N1I8AaIVaY Deformation LLaszﬁumugﬁuﬂ‘ﬂmwaaLa'l AN

51U 11 wan133azin1szwaInlisunsa Robot Structure Analysis (Linear line)
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31U 12 wan133@31z9n133UnlUsuNnsa Robot Structure Analysis (contour line)

w beam AHVUIA 0.32 cm post (if] 73.50 cm Dia 10.00 cm Thk. 0.40 cm

160000 137989.9
140000
120000
100000
80000

0000 48439
40000 18942.6 24281.9 222613 120875

69057.1

20000 8744.1 11193.5 6106.2
0 || . . [ | -— [ |

XIL=025 XIL=05 XL=025 XL=05 XL=025 XL=05 XL=025 XL=05 XL=025 XL=05

HW83IINTz8)e deformation (cm)

abs hdpe Ldpe Pp Ps

PFUANAFAN

3113 HATWUIINTLYINEDININHIUATIY NAINWKT 0.32 cm

w beam A1V UIA 0.65 cm post 5 73.50 cm Dia 10.00 cm Thk 0.40 cm

€
S 80000 67726.1
c 70000
O
% 60000
% 50000
€ 40000 33925.3
:2 30000 23846.3
P
20000 11985.6 11018.9
33 8618.1
e 71. 6032.1
S 10000 4371.4 . 5571.9 3078.3
:,(-: 0 | . || - [ |
@&
= XIL=025 X/L=05 XL=025 X/L=05 XL=025 X/L=05 XL=025 XL=05 XL=025 XL =05

abs hdpe Ldpe Pp Ps
FUANAIFAN

31N 14 HaTINUIINTEYINABININHORATIY NAAWKT 0.65 cm
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4.2 NAMINAROUTNSITUIULIIGA (Flexural Strength Test) WU T1I 8 WATIHS
3 3luuy lauado 3nusuasria ABS lafnssaalaioany 1.099 kN/mm 31714
suamaziia PS ldfasaaiafarinty 0.672 kN/mm uaz T1anueua 3fia ABS + PS 1@
ANSIALRALLINAY 1.496 KN/mm 1ilatUSoufisuiasaaasnudn 10w waT18TRa
ABS+PS l#@fnssna ﬁgaﬁqmﬁaamﬂﬁmﬂa’%wLflmnﬁ'ué'umwsfauﬂ"u 2 7 uazlu
§IUV89 IINHEUATETRG ABS dAfsiaansasasuuduInniisiia PS titasain
wanganTha ABS Srasusesananii LLazﬁamwﬁﬁ@]mjuﬂfh (Flexible) lag'liiinay

WREMIBUAINN Load cell nszﬁwuqmwm”@

MT9N 3 AaNEMEANNLFLRILINN1INAADILTIAA (Flexural Strength Test)

2HA NINATDUBIIAA NANIINAADY ANRAY

NAEAN (kN/mm) (kN/mm)

1.090
1.173
ABS 0.934 1.099
1.160

1.142

j, - 0.443
0.579
PS 0.587 0.672

0.961

0.791

1.459

1.630
ABS

+PS

1.540 1.496
1.410
1.440
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43 HANNINAROUNITH W38 lUnaN (Momentum Test) i lWsinusuasoiia
AMUFLIIY INMINAFOUNLA usafinszindasniusuaseumaringy 20 km/ lagld
Qﬂ@juﬁﬁﬁ’mﬁfn 101 kg T2828N 6 7 45° mmga‘ﬁ' 2.631 m SaaNAUAN WUITELS
Deflection vadudazwiiananadnieait ABS 1észe2 Deflection mﬁﬂag‘ﬁ' 86.99 mm wiia PS
328 Deflection Lﬁlﬁiﬂa%}"ﬁ' 57.1 mm wazTRa ABS + PS la3zuz Deflection Lafuivinniy
101.31 mm eauaasluaef 4

(@) %% ABS + PS
31115 N137AA13z8E Deflection NlAa1nN15INIAIVAITIINWORAIILLTRA PS, ABS
waz ABS+PS
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MM 4 ANHUMZAIINLFLRILIINNIINAFTOUNIINAFTIUNIITY B30 LULNWAN

(Momentum Test)

20 NMINAFDUNIBW NANIINAADY Anane (mm)
NAFAN (mm)
90.29
81.55 86.99
ABS 81.13 (NAueIBENd
96.27 LANAN)
85.72
64.14
59.61 57.08
PS 45.44 (NAueIBENd
55.81 LANHAN)
60.44
93.56
101.31
103.00 5
ABS + (NANABENS
103.36 ! o
PS LANAN
103.34 .
UIEIW)
103.31

4.3 NIIATTRARNUNIINAAITINHIRANY

d' U a > > a A a
M13IIN 5 muvgumwamswnuaumﬂsjmnwmamnﬂmﬂa

a a 3 a 1 1
FHANAEAN | IIANTANAIEAN (V) | Awu (Un) | erld (uan) | 598 (Un)

ABS 260 1,000 13.163 1,273.163
PS 200 1,000 13.163 1,213.163
ABS+PS 460 1,000 26.330 1,486.330
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FINVBITIITUEUATIENS 3 gﬂLLuuﬁ@dammma'ﬁ' 1103 laafidndewanadinsiie
ABS fimandaflansuas 52 um‘[@ﬂ"ﬁ’lﬂ@ia%uagﬁ 5 kg T%a PS agjﬁﬁian%’ua: 40 U1
I@mlﬂﬂ@ia%uag}"ﬁl 5 kg uazTia ABS+PS 12USunmdaduil 10 kg uazsamanlWusnisda
do 1 sulumindaldinaads 1 alusdetuin lasfiedssdanaaanldwassulvin
2 kW uazdadn adon 3.9 vinmian laglflw'ly 3.375 niae

5. djduaninaasg

f13z82 Deformation 31n1USUNTN Robot Structure Analysis WU31 17K HATE
WAN®@Nn THa Acrylonitrile Butadiene Styrene (ABS) WazT @ Polystyrene (PS) 461
Deformation M1%aan7 wmaaﬂ"nﬁ@ﬁuq FIunaEANTia ABS uas PS Suinunzaud
wawnduwinnuwauwae mﬁvugﬂw asdneanLA3as Single Screw Extruder 1Widuguan
MegavadTINueRATY SilTaunwiadag ?iaLLuzﬁw‘lﬁw”eummﬁfugﬂwmaﬁnlugmwu
2u 9 nuispilduduuuslunmswamnatusueneannatsang loda 39rnmInam
ﬂszmumﬁfugﬂlﬁlﬂuﬂ”’aasha athade uuzihlimavamdugduuy FITUsuaLN
ﬁgﬂmm’mmmgmmam‘summawﬁiﬁagiuﬁa@ﬁu

ARG TITIINWOWATIE THha ABS + PS 11nnin e PS agjﬁ 73% Wazunnin
T%6 ABS ayj‘ﬁ' 28% ugaslitiniwangdnoiia ABS + PS fa1f18961un1uussaad
LABRUAITINWNANRAN 2 mﬁ@f:ﬁmmﬁ@mzqiuﬁgaLLazqmmJﬂ'aﬁmm:LLﬁmiﬁﬁvl,ﬂw”@um@ia
usnuauasele

wé’omuiuLuuﬁwﬁﬁﬂﬁsnﬁué’umwLﬁﬂ%’m'«mnmamaagn@ju 101 kg A21ULT2
20 km/h i ldTnuauauaiia ABS+PS fidnszas Deflection 'ﬁ'qaﬂ’jwﬁ@ ABS uaz PS
waliAnaNUEIRIIINMINAFEY A9iuTIRRERAT B NNANEANS IAaTfin ABS+PS
mmmﬂs:ﬂaaQﬂ@‘jﬂ;ﬂﬁﬂ:@muﬁ’aﬁ'ué'um'mvlﬂ"lﬁua:Lﬂﬁiwl,é?uma (Redirect) anduli
ARULEUNLAYN IINNTNABBINTTUNAI B LULUUANTIINUEUATIHINANAFANS LTLAR LANNE
ﬁ%m{unuuﬁ'mquwmﬁm vﬁau%nmﬁmuamuﬁ'ﬁgﬂuﬁ@aw’mL°n'u 139158%
Tsswentna wiasnuiinanswnzsnzdadyasllindisanuse waziimiaugunns
Ta1a57 LLa:maﬁﬁ'ﬁ'ﬂLﬁuaumiﬁ‘luamﬂmmsﬁmﬁaﬂmﬁ@wmaanmﬁ@ﬁu § figasn
PNAUNNS boLAw LLa:ﬁqmauﬂ'ﬁﬁmmmmiamiw”@umLﬂmnn”ué'ummLﬁutau

msnanesiiusunitsrasmsdnmidasnmsnamsnuswa LW aans laLda
ImfJﬁLLmﬁ@ﬁﬁ]:w”@umLm:aﬁ”nqmﬂsﬂwﬁmnﬁ'waamﬁal"ﬁ’lwgwu dnauITNaw LA
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AFIATY: WRIUNAUNG, Tusaury, lWiandule

ABSTRACT

In the province Nakhon Pathom, there are a large number of pomelo peels. Their peels are
processed into incense or liquid soap and aromatic oils to provide an alternative to
processing pomelo peels. This research is about the possibility of processing pomelo peels
into charcoal briquettes. In this study, the optimum blend ratio for briquettes is determined
by comparing spontaneously heated compression and heater-heated compression, where
the factors of heat, humidity, volatile content, ash and carbon constant were investigated.
The results showed that the charcoal was well compacted at a binder mix ratio of about 80%
moisture. On the other hand, it was found that the higher or lower the moisture content of
the charcoal, the more imperfectly it was compacted. The results of the comparison between
self-heating compression and heating compression were slightly different. However, when
the two types of charcoal were dried in the sun, it was found that they dried equally well on
the 5th day. The properties of charcoal briquettes made from pomelo peel show that the
calorific value is more than 5,000 calories per gram. The moisture content is between 8 and
11 per cent. The volatile matter content is between 25 and 29 per cent. The ash content is
between 19 and 21 per cent and the stable carbon content is between 44 and 48 per cent.
In summary, pomelo peels can be made into charcoal briquettes.

KEYWORDS: renewable energy, charcoal briquette, pomelo peels
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¢ = 9 WNYI 29.16 £19 810 (asraalTog) = lHaan 5+[%J = 18.50(W1)
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VIATPIHBIMIILAY LUUFIRaINIATaAIgA3LaNNTARULY Logarithmic 8131307
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ad1A: 1395auauund, wasiuussanfiad, adounsiaiAy

ABSTRACT

This research was aimed to investigate the drying kinetic of salted Cobia fish drying in a
solar greenhouse. The moisture content in different airflow rates of the greenhouse were
examined in two systems: ventilation fan off or natural convection and ventilation fan on or
force convection. The performance of both systems was compared to open sun drying
performance. The quality of the samples was evaluated regarding color, water activity, and
hardness. Mathematical model was also applied in this study. The results revealed that the
drying in the solar greenhouse was obviously faster than the open sun drying and drying
rate where the ventilation fan on took the shortest time in only 21 hours, considering at the
same final moisture content of the products on the market 45% d.b. The color of the samples
was also not different, but the hardness was statistically significant with p>0.05. The water
activity of the samples was less than 0.6 and was agreeable to the Thai agricultural standard.
Logarithmic mathematical model was the most accurate for both systems.

KEYWORDS: Greenhouse drying, Solar Energy, Salted Cobia
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